Basal cell carcinoma (BCC) is the commonest skin tumour, and the incidence is increasing. Currently, the incidence of BCC in the UK is 224 per 100 000 of the population per annum.
Materials and methods
We studied 86 patients presenting with 100 primary BCCs, 92% of which were on the head and neck. The diagnosis of BCC was made by previous biopsy or on clinical grounds; patients were excluded if subsequent histology did not confirm BCC. Each lesion was marked and measured immediately preoperatively, before infiltration of any local anaesthetic-adrenaline solutions. Tumours were assessed under optimal operating-theatre lighting, using 3.5 loupe magnification. The area was carefully inspected, palpated and placed under varying tension to determine the exact clinical margin of the tumour. This was then marked with ink as shown in Figure 1 . An appropriate excision margin was then drawn around this. The margin tended to be between 2 mm and 4 mm wide, but was allowed to vary depending on the site of the tumour relative to important structures, such as the nostril or eyelid rim. Once drawn, the narrowest margin was identified and measured, using Vernier's callipers, from the outside edge of the line marking the tumour to the outside edge of the excision line. Local anaesthetic (0.5% lignocaine and 1 : 200 000 adrenaline) was then infiltrated, and the lesion was excised by adhering exactly to the edge of the drawn line. A marker suture was placed for orientation, and the specimen was sent in formalin to the histopathology department with a detailed request form containing information on the site of the tumour and the width and location of the margin measured.
A single consultant pathologist (SKS) examined all the specimens. Examination consisted of serial transverse blocking of the specimen, processing and embedding into wax blocks, taking into account the observed closest margin so that this could be directly measured (Fig. 2) . The closest deep and peripheral histological margins were measured and their sites noted. Histology reports were issued in the standard fashion with additional line drawings. These were then analysed for each tumour, and compared with the observed data from the operation. The positions of the closest surgical and histological margins were defined as corresponding if they were within 45° of each other. Details of tumour size, location of the sample and histological subtype were also recorded.
Results
Of the 86 patients, 48 were male and 38 were female; their ages ranged from 36 years to 100 years. The mean tumour size was 8.9 mm (range: 1-30 mm). Table 1 shows the anatomical locations of the tumours: 92% were located on the head and neck. The majority (68) were of the nodular histological subtype, with the superficial subtype being the second most prevalent ( Table 2) . Complete tumour excision at the primary operation was achieved in Figure 3 . The measured surgical margins were greater than the histological margins in 27 cases (Fig. 4) , whilst the histological margins were greater than the surgical margins in 69 cases (Fig. 5 ). The differences between the surgical margins and the histological margins, irrespective of which was greater, are summarised in Table 3 . Overall, 44% of margins corresponded to within 1 mm, 79% to within 2 mm and 92% to within 3 mm. The positions of the observed closest margin and that determined histologically agreed in 69% of tumours. Table 4 gives details of the four BCCs that were incompletely excised, and their subsequent management.
Discussion
Using a relatively simple method, we have prospectively studied the excision margins of a series of BCCs. All morphological and histological subtypes were included, and there were no limits on tumour size. The aim of treatment was complete tumour resection, and our completeexcision rate of 96% correlates well with previous data from our unit. 6 The histological margins were greater than the surgical margins in two-thirds of our excisions. We were, however, meticulous about identifying any macroscopically abnormal skin and including this in our excision. Therefore, reactive, oedematous or inflamed tissue surrounding the BCC could have been included as tumour when, in fact, histology revealed that the lesion did not spread to this extent. Had our surgical margins been smaller, redressing this excess of histologically larger margins, we might have encountered more incomplete excisions.
We recognise that a confounding factor in our results is specimen shrinkage after excision. However, controlling for this variable would be difficult, because changes in specimen size occur at several points during processing. There is an initial shrinkage due to elastic-tissue contraction. Golomb being responsible for the remainder. 7 They found overall shrinkage to be around 20%, but this depended on age, and they were examining excision margins in melanoma that were approximately 10 times larger than those we are considering. Indeed, in any tissue biopsy, standard formalin fixation will result in a degree of shrinkage artefact. This varies on a patient-to-patient basis, as well as according to the site of the biopsy, the size of the resection and the concentration of formalin. There is also a degree of shrinkage created by progressive dehydration and the removal of fat from tissue samples during processing and paraffin embedding. To compound matters further, it must also be recognised that a degree of section enlargement occurs as a consequence of the temperature of the water for floating sections and the drying protocol. Furthermore, section enlargement may occur at different rates, depending on the thickness of the paraffinembedded section. It would be true to say that the section enlargement is less than the shrinkage. However, it would be impossible to control for these changes even within a single laboratory, let alone across multiple laboratories. We believe that clinicians and pathologists should accept this limitation for what it is, rather than attempting to compensate for the natural consequences of tissue manipulation.
Given these limitations, the question remains as to what is the optimum surgical excision margin that maintains an acceptable complete-excision rate. A number of other studies have attempted to address the question of excision-margin adequacy. Epstein used electrodesiccation to mark the observed tumour edge prior to excision, and then compared this mark with the true tumour edge histologically. 5 He suggested that the majority (995%) of BCCs could be successfully removed with a 2 mm margin. The tumours in his series were relatively small; none were larger than 20 mm. Similarly, a study of 63 head-and-neck BCCs excised surgically found a completeexcision rate of 95% with a 2 mm margin. 8 Other studies have used Mohs' micrographic surgery to examine the accuracy of visual assessment of the tumour margin. Burg et al studied 72 BCCs, 45 of which were recurrent, and, although not a directly comparable series, noted much wider subclinical extension, especially in larger and 'morphoea-like' tumours. 4 Margins of 5-10 mm were recommended. Their method relied on measuring the resultant defect after tumour clearance was established, and no account was taken of the tendency for wound edges to gape. A large series from Germany, using a modified Mohs' technique, suggested a range of margins from 3 mm to 7 mm to ensure tumour clearance in 80% of cases, depending on tumour histology and size. 9 These workers then went on to excise areas of residual tumour until the margins were clear. They calculated a probability of positive tumour histology of 5% with a 5 mm excision margin in solid BCCs less than 10 mm in diameter, rising to 18% in fibrosing tumours between 10 mm and 20 mm in diameter. Wolf and Zitelli, again using Mohs' surgery, suggested that a 4 mm margin was necessary to attain a 95% complete-excision rate, but they excluded all BCCs with ill-defined margins. 10 In our series, of the 27 BCCs with greater surgical margins than histological margins, i.e. where the tumour was larger than we had anticipated, the discrepancy was never greater than 3 mm. This means that all of the 96 BCCs (these 27, plus all of the 69 tumours with greater histological margins, but excluding the four incomplete excisions) would have been completely excised using a 3 mm surgical margin. Had the margin been reduced to 2 mm, the complete-excision rate would have fallen to 92% because four tumours had greater surgical margins of between 2 mm and 3 mm. Furthermore, with a 1 mm margin, complete excisions would only have been achieved in 83% of cases.
The majority of our lesions were head-and-neck BCCs; we are unable to comment on any differences in excision margins between these and BCCs at other sites because of the small numbers. Of the histological subtypes, 68% were nodular or not specified, which correlates reasonably well with other series. 11 Other subtypes, including ill-defined tumours, were included in this study, although they make up a small proportion of the total, again making firm conclusions on their margins impossible. Interestingly, only one of the incomplete excisions was from a classically 'difficult' BCC (solid/ morphoeic); the other three were all nodular, reflecting the prevalence of this histological subtype.
Although Mohs' micrographic surgery is considered by some to have an excellent cure rate whilst sacrificing minimal surrounding normal tissue, especially in recurrent BCCs, 12 it is particularly time consuming compared with standard excision techniques. This study was designed to look at the conditions surrounding our normal practice and the excision margins involved. We feel that, for primary BCCs, our current practice ensures an acceptably high complete-excision rate whilst minimising the amount of normal skin excised.
We do not advocate a specific margin for all tumours, although we have demonstrated that 3 mm is adequate for the majority. Careful clinical assessment, as always, is the key. 
